. Standalone substance that passes through replacement. excised skin.
Cell-based tests, in particular Not formally acthe NRU 3T3, which measures cepted, can be used the extent of cell death in the in combination with presence of the substance.
other information only.
Reconstituted in vitro human OECD TG 431 (2004) skin models that measure and 439 (2010), plus the extent of cell death in the others. Testing stratpresence of the substance.
egy accepted ( OE c D, 2014a). Excised eyes from hens and OECD TG 437 and cattle killed for food ( ex vivo) 438 ( ex vivo, 2009 ); can detect non-irritants and OECD TG 492 (HCE, severe irritants; human cor-2015) . Testing strateneal epithelial (HcE) models gies yet to be formally based on excised human skin accepted. or corneas that measure the (OECD TG 429, 442a/b ) . The substance is forcefed or injected into mice or rats for 14 days; they are then killed to look at the effects on their cells (OECD TG 474, 475, 483, 486, 488, 489 .
response.
Several in vitro tests, including OECD TG 471 (1997) ; bacteria (Ames) tests, in vitro 473 (1997); 476 chromosome aberration, cell (1997); 487 (2010); micronucleus, and gene muta-490 (2015 455, 2012; 457, 2012; 456, 2oll) , 1986 , Directive 1986 /609/EEC) and revised in 2010 (European Parliament, 2010 , to Directive 2010 (Auplat, 2012 (Balls, 2006) . Species differences also play a significant role in making comparisons between human-based cell tests and animal test results very difficult (Hartung, 2007 (Richard et al., 2016 (Marx et al., 2012 (Lappin, 2015) . Simi larly, improvements in brain imaging technology are enabling researchers to measure human brain activity non-invasively, and at a high level of precision, so that invasive tests in monkeys will soon be considered redundant (Bailey and Taylor, 2016) .
Communities

5
Barriers to the Implementation of Alternatives and How to Overcome Them
. 1
The Current Scientific Paradigm A major stumbling block when it comes to replacing animals is the current way that hypotheses are tested in science. Figure 24. Caruso, 2017 ) , are also another solution to increase both relevance and complexity. n.d.) . Furthermore, the EC claims it has funded replacement methods in the last main scientific-funding stream, Framework Project 7 (2007 , to a total of €180 million (European Commission, 2013 (Taylor, 2014) . Only seven countries provided this funding: Austria, Belgium, Denmark, Finland, Germany, Sweden, and (Hort and Penfold, 1912) ; the Draize skin irritation test on rabbits in 1944 (Draize et al., 1944) ; and the Buehler guinea pig skin sensitization test in 1965 (Buehler, 1965 .
. 2
In terface with Legislation Scientists developing alternative methods have historically designed them to give simple answers to the question, is the substance being tested safe or toxic, yes or no? This was seen as a good first step to assist in their valida tion and initial adoption, even if the animal test they are designed to replace actually produces quantitative (numerical) answers on the extent of toxicity. However, failure of alternative methods to produce equivalent results to the animal tests has been one reason for the del ay to their full implementa tion. For example, the in vitro skin irritation/corrosion methods were initially validated to give a yes/no result on whether a substance would cause skin corrosion in 1998 (ECVAM Scientific Advisory Committee, ESAC, 1998). This limited their use because chemical sector regulators actually required these methods to present the result as not i"itant, i"itant, or severely i"itant/ co"osive. This is because the results of the animal test are used not only for risk management purposes but for classification and labelling of substances, which is governed by different legislation. It was not until 2007 that a slightly different protocol, using the same skin methods, was validated to provide this information on irritation (ESAC, 2007). Even then, it was not until 2009 (ESAC, 2009)-when a third, more rapid validation was completed because the classification and labelling requirements had changed since the start of the process-that the rabbit test was finally replaced using a combination of two methods.
Entrenchment is common in science (Kuhn, 1962 (European Parliament, 2010 ) . In the area of basic research in particular, where the majority of animals are actually used (Daneshian et al., 2015) 
